Sprching PAJ 



PATENT ABSTRACTS OF JAPAN 



Page 1 of 2 



(1 1 )Publication number : 05-034593 
(43)Date of publication of application : 12.02.1993 



(51)Int.CI. 




G02B 13/24 






G02B 13/14 








G02B 13/18 




(21)Application number 


: 03-281223 


(71)Applicant 


OLYMPUS OPTICAL CO LTD 


(22)Date of filing : 


28.10.1991 


(72)Inventor : 


KENNO KOKICHI 



(30)Priority 

Priority number : 031 1 7307 Priority date : 22.05.1 991 Priority country : JP 



(54) CONTRACTION PROJECTION LENS 

(57)Abstract: 

PURPOSE: To obtain a both object side/image side telecentric contraction 
projection lens in which total wall thickness of glass material of a lens 
system is thin and a transmission factor is satisfactory, and which has a 
wide exposure area and high resolving power. 

CONSTITUTION: This lens is constituted of a first positive lens group I, a 
second negative lens group II, a third positive lens group III, and a fourth 
positive lens group IV having at least one piece of meniscus lens whose 
concave surface is turned to an image side, each lens group is constituted 
of singular or plural lenses consisting of a glass material whose refractive 
index is <1.6, and also, at least one aspherical surface is placed in a second 
lens group II and a fourth lens group IV, respectively. 
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damages caus d by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] In order [ side / body ], the positive 1st lens group, the negative 2nd lens group, the positive 3rd lens group, It 
consists of positive 4th lens groups which have at least one meniscus lens which turned a concave surface to an image 
side. Each lens group is a contraction projection lens characterized by being constituted by an unit or two or more lenses 
which consist of a with a refractive index of 1 .6 or less glass material, and arranging the page [ 1st / at least ] aspheric 
surface at the 2nd lens group and the 4th lens group, respectively. 

[Claim 2] A contraction projection lens according to claim 1 characterized by being constituted by both tele cent 
rucksack by which an entrance pupil and an exit pupil location were fully set up in the distance. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] Especially this invention relates to the contraction projection lens used in case a circuit pattern 
etc. is imprinted about a contraction projection lens from the mask on which the circuit pattern was drawn by the 
reduced-projection-exposure method. 
[0002] 

[Description of the Prior Art] Generally, the resolution of a projection image with a projection lens is proportional to the 
numerical aperture, and in inverse proportion to the wavelength to be used. Although resolution will become good and it 
will go in proportion to it if high integration of a circuit pattern progresses much more, the lens with still more sufficient 
resolution is required, numerical aperture is enlarged and it goes in recent years, the depth of focus becomes shallow and 
the necessity of performing focusing very correctly arises. A value also with the very severe display flatness of the 
silicon wafer which imprints a circuit pattern is required, and it will stop moreover, being fit for practical use. 
[0003] Therefore, raising resolution came to be performed in recent years, having shortened operating wavelength and 
maintaining the depth of focus rather than it enlarges numerical aperture. 

[0004] In current, although 365nm light is used from the wavelength of 436nm by the mercury-vapor lamp, there is a 
proposal of JP,60-1403 10, A which uses the KrF excimer laser which uses 248nm as an emission spectrum in recent 
years. 
[0005] 

[Problem(s) to be Solved by the Invention] By the way, when operating wavelength is set to 250nm or less, the ** 
material which can be used is permeability to Si02. Or CaF2 It is Si02, when it is restricted and processability etc. is 
moreover taken into consideration. There is no ** material which can carry out deer use. Furthermore, at 200nm or less, 
it is this Si02. Even if it uses it, since permeability is low, if ****** thickness is not made below into 200mm order, 
permeability will become 50% or less. Then, although it becomes a requirement that the ****** thickness of a lens 
system is shorter, in things, such as above-mentioned JP,60-140310,A, the ****** thickness of a lens system is thicker 
than 200mm. moreover, there is no change of the projection scale factor produced by the focal error when imprinting a 
circuit pattern - as - an exit pupil location ~ substantial - the image side tele cent of infinite distance ~ making it 
rucksack optical system is known, however, a scale-factor change to which resolution becomes high it is alike and 
follow, and the still severer thing is required, and change of this projection scale factor does not remain only in an image 
side, but according to the display flatness of the mask by the side of a body does not break out, either - as ~ a body side 
tele cent — rucksack optical system is demanded. 

[0006] this invention is made in view of such a condition — having — the purpose — lens system ****** thickness — 
below the quadrant of length between object images - carrying out - permeability -- good — carrying out — in addition 
~ and it is offering a ****** tele cent rucksack contraction projection lens a body side with a large exposure field and 
high resolution. 

[0007] In addition, in the projection lens of this invention, although the ArF excimer laser which uses 193nm as the 
main emission spectrums is used, naturally 248nm can be used also in the KrF excimer laser used as the main emission 
spectrums. 
[0008] 

[Means for Solving the Problem] In order to attain the above-mentioned purpose, a contraction projection lens of this 
invention In order [ side / body ], the positive 1st lens group, the negative 2nd lens group, the positive 3rd lens group, It 
consists of positive 4th lens groups which have at least one meniscus lens which turned a concave surface to an image 
side. It is characterized by for each lens group being constituted by an unit or two or more lenses which consist of a with 
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a refractive index of 1 .6 or less glass material, and arranging the page [ 1 st / at least ] aspheric surface at the 2nd lens 
group and the 4th lens group, respectively. 

[0009] In this case, it is desirable to be constituted by both tele cent rucksack by which an entrance pupil and an exit 

pupil location were fully set up in the distance. 

[0010] 

[Function] Hereafter, the reason and operation which adopted the above configurations are explained. In order to secure 
high resolution and a large exposure field, it is known well that a curvature of field must be amended nearly completely. 

[001 1] Moreover, in both the telecentric optical system by the side of a body and an image, it is necessary to project the 
pupil near a lens system center on infinite distance on the both sides by the side of a body and an image, a positive lens 
group is allotted near the image near the body, and it is made to carry out image formation of the pupil near a lens 
system center to the method of infinite distance. 

[0012] Furthermore, in order to make the lens system total thickness thin, it is important to reduce the number of the 
lens elements which need to make one one-sheet lens thin, and constitute each lens group. 

[0013] The three above-mentioned requirements have many points which are mutually contradictory. For example, in 
order to amend a curvature of field and to amend the PETTSU bar sum to********** zero, **** necessity is near the 
image near [ where MAJINARU light is comparatively low ] the body about a negative lens. 

[0014] As mentioned above, the conditions of making thin the total thickness of making it both the telecentric system 
lens and a lens system in order to secure high resolution and a large exposure field turn into a very difficult restriction. 
[0015] This invention is made in order to satisfy the restriction which is mutually contradictory as mentioned above, and 
it explains arrangement and an operation of each group to below. 

[0016] In order to make it telecentric optical system, the positive lens system is allotted to the 1st lens group and the 4th 
lens group. 

[0017] The positive power of the 1st lens group is for making small comatic aberration which projects near the 3rd lens 
group with the strong positive refractive power which exists the entrance pupil of infinite distance in the center of a lens 
system, and is generated by this 3rd lens group. 

[0018] The 2nd lens group serves as a strong negative lens, in order to make high amendment and the light high of the 
PETTSU bar sum. In order to secure a large exposure field, it is necessary to make it a lens system without a curvature 
of field, and, for that purpose, generally, making the PETTSU bar sum small is known well. When a strong negative 
lens system is used, it becomes impossible moreover, to make it balance with the positive spherical aberration which 
strong negative spherical aberration generates and is generated by other groups. Then, it can amend to still better 
spherical aberration by using the aspheric surface for the 2nd lens group. 

[0019] The 3rd lens group has the work which strengthens negative refractive power of the 2nd lens group. In order to 
make into the outline parallel flux of light the flux of light from the body which serves as the emission flux of light by 
the 2nd lens group, the 3rd lens group needs to have positive refractive power, if the positive refractive power of the 3rd 
lens group is weak, the negative refractive power of the 2nd lens group also becomes weak, and the above-mentioned 
PETTSU bar sum cannot amend it good. 

[0020] The 4th lens groups are both telecentric optical system, and turn into a group which determines the length 
between object images D and the scale factor beta of the whole system. When it is this invention with few components 
of a lens system because of this strong positive refractive power, by the spherical-lens system, positive spherical 
aberration will surely occur. So, in this invention, the spherical aberration generated by the 4th lens group is amended 
good by using the 1st [ at least ] page of the aspheric surface also for this 4th lens group. When not using the aspheric 
surface, even if it is going to amend the spherical aberration generated by the 4th lens group, the number of lens 
elements is unable to amend by other groups in few lens systems like this invention. 

[0021] Moreover, the synthetic focal distance of the 3rd lens group and the 4th lens group is set to f34, and length 
between object images is set to D. |f34|<D/5 ... If it is made to satisfy the conditions of**, a lens system overall length 
can be made small. When the range of this condition ** is crossed, the distance to which length between object images 
D is used is exceeded you to be Haruka, the contraction projection aligner using this lens system becomes very large- 
sized, and it stops being equal to practical use. 

[0022] Moreover, since it becomes the group which determines the length between object images D and the scale factor 
beta of the whole system in both telecentric optical system, the 4th lens group is the focal distance of this group f4 If it 
carries out f4 <D/2 ... It is necessary to satisfy the conditions ** Becoming. 
[0023] 

[Example] Hereafter, the example of this invention is shown. The cross section of the lens system of examples 1-3 is 
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shown in drawing 1 - drawin g 3 , respectively. Also setting in which example, for the 1st group I, both one convex 
positive lens to the 2nd group II is both one concave negative lens to the 3rd group III. It consists of a back group of two 
negative meniscus lenses with which the pre-group of both one convex positive lens and the concave surface faced each 
other. In an example 1, the 4th group IV consists of two sheets, both the convex positive lens and the positive meniscus 
lens which turned the concave surface to the image side, consists of three of both two convex positive lenses and the 
negative meniscus lenses which turned the concave surface to the image side in an example 2, and consists of two 
sheets, both the convex positive lens and the positive meniscus lens which turned the concave surface to the image side, 
in an example 3. 

[0024] The cross section of the lens system of examples 4-9 is shown in dra win g 4 -9, respectively. One positive 
meniscus lens with which the 1st group I turned the concave surface to the body side also in which example to the 2nd 
group II is both one concave negative lens to the 3rd group III. It consists of both one convex positive lens. In examples 
4 and 7, the 4th group IV consists of two sheets, the positive meniscus lens which turned the concave surface to the 
image side, and the negative meniscus lens which turned the concave surface to the image side, and consists of two 
sheets, both the convex positive lens and the negative meniscus lens which turned the concave surface to the image side, 
in examples 5, 6, 8, and 9. 

[0025] About the aspheric surface, it sets in the example 1 . The 1 st page of the 1 st lens group and each 2nd RENSU 
group, Use for the 6th page of the 1st page of the 3rd lens group, the 4th page, and the 1st page and the last sides of the 
4th lens group, and it sets in the example 2. Use for the 5th page of the 1st page of the 1st lens group and each 2nd lens 
group, the 4th page of the 3rd lens group, and the 1st page and the last sides of the 4th lens group, and it sets in the 
example 3. It uses for the 7th page of the 1st page of die 1st lens group and each 2nd lens group, the 1st page of the 3rd 
lens group, the 4th page, the 6th page, and the 1st page and the last sides of the 4th lens group. 
[0026] In examples 4-9, it uses for the 3rd page, the 2nd page of the 2nd lens group, the 1st page of the 3rd lens group, 
and the last side of the 4th lens group, in the example 4. In the example 5 It uses for the 5th page of the 1st page of the 
1st lens group, the 2nd lens group, and each 3rd lens group, and the 1st page and the last sides of the 4th lens group. In 
the example 6 It uses for the 4th page of the 1st page of the 2nd lens group and each 3rd lens group, and the 1st page 
and the last sides of the 4th lens group. In the example 7 It uses for the 4th page of the 1st page of the 1st lens group, the 
2nd lens group, and each 3rd lens group, and the last sides of the 4th lens group. In the example 8 It uses for the 5th 
page of the 1st page of the 1st lens group, the 2nd page of the 2nd lens group, the 1st page of the 3rd lens group, and the 
1st page and the last sides of the 4th lens group, and uses for the 4th page of the 2nd page of the 2nd lens group, the 1st 
page of the 3rd lens group, and the 1st page and the last sides of the 4th lens group in the example 9. 
[0027] In this invention, it is as having described above that amendment of the PETTSU bar sum and amendment of 
comatic aberration occupy an important location on aberration amendment. Then, the difference between examples 1-3 
and examples 4-9 is explained. 

[0028] In order to make the PETTSU bar sum small, it is important to make [ many ] a concave surface with the 
negative refractive power in a lens system, or to strengthen the refractive power. In the case of examples 1-3, the field 
with negative refractive power is increased and solved by using the gauss type which required this in ******. In the 
examples 4-9, by arranging the 3rd lens group III which keeps specified quantity distance from the 2nd lens group II, 
and has positive refractive power, negative refractive power of the 2nd lens group II was strengthened, and the PETTSU 
bar sum is amended. 

[0029] In addition, about comatic aberration, it is the 3rd lens group III. Examples 1-3 adopted the gauss type which 
gave the amendment capacity of comatic aberration positively, and it is the 3rd lens group III at examples 4-9. Comatic 
aberration to generate was made as small as possible, and other lens groups have amended. 
[0030] Furthermore, at examples 1-3, it is the focal distance fl of the 1st lens group I preferably, fl <D/2.5 ... It is 
important to satisfy the conditions ** Becoming. It is because the comatic-aberration amendment capacity in the 
concave surface which the after [ the 3rd lens group III ] group faced will become low if this maximum is exceeded. The 
meniscus lens which consisted of this concave surface that faced each other is effective in amending coma flare from the 
symmetric property of the top flux of light of the light which passes a group after this, and the bottom flux of light. In 
addition, as for the main thickness of this meniscus lens, it is desirable to carry out from the problem of the permeability 
of the whole system to 1/4 or less [ of an effective diameter ]. Furthermore, since the concave surface has faced each 
other across the pupil location, not generating distortion aberration and astigmatism is known well. Moreover, in order 
to fully pull out work of each side of the meniscus lens which consisted of this concave surface that faced each other, it 
is required to make high the light high which passes these meniscus lenses. 

[0031] On the other hand, at examples 4-9, it is the focal distance of the 1st lens group I fl If it carries out D/3<fl <D ... 
If it is made the range of the conditions ** Becoming, it is the 3rd lens group III. An entrance pupil is projected on near 
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and it is the 3rd lens group III. The comatic aberration to generate decreases and a larger exposure field can be secured. 
If it separates from this condition **, it is the 3rd lens group III. The comatic aberration to generate becomes large, the 
number of other lens elements will increase and the total thickness of a lens system will benefit amendment of comatic 
aberration thick. 

[0032] Moreover, the 2nd lens group II serves as a strong negative lens for amendment of the PETTSU bar sum. At 
examples 1-3, it is the focal distance of the 2nd lens group II still more preferably £2 It carries out. |f2 |<D/5 ... It is 
important to satisfy the conditions ** Becoming. If a negative focal distance is prolonged exceeding the maximum of 
this condition **, amendment of the PETTSU bar sum will become impossible. In addition, it is the 3rd lens group III 
because of amendment of this PETTSU bar sum. If negative refractive power of an after group is strengthened, it is the 
3rd lens group III. The comatic aberration amended by the after group and generating of coma flare become large, and it 
becomes impossible to secure a large exposure field. 

[0033] The 3rd lens group HI constituted from a concave surface which faced each other in the examples 4-9 on the 
other hand Since there is no after group, if generating of comatic aberration increases too much by the 2nd lens group II, 
amending by other groups will become difficult. Then, it is the focal distance of the 2nd lens group II f2 It carries out. 
D/10<|£2 | ... It is important to satisfy the conditions ** Becoming. This conditional-expression ** is convenient for an 
effect being in amendment of the PETTSU bar sum, and acquiring the flat image surface, if the focal distance of a 
negative lens is shortened in the examples 4-9 from which a negative lens group turns into only this 2nd lens group II 
through the whole lens system. However, if the focal distance of the 2nd lens group II becomes short exceeding the 
minimum of the above-mentioned condition **, the refractive power of a negative lens will become strong too much, 
and it will have a bad influence on comatic aberration etc. Then, in the case of examples 4-9, they are the 2nd lens group 
II and the 3rd lens group III instead of there being no concave surface which faced each other. A gap is shortened and it 
is the 3rd lens group III. The pupil location was established in near, and since it succeeded in stopping low the light high 
of the chief ray outside a shaft in the 2nd lens group II, the comatic aberration generated by the 2nd lens group II has 
decreased. 

[0034] next - although the lens data of these examples is shown - ** material — all — fused quartz Si02 from - it 
becomes. A mark is fl, f2, f3, and f4., respectively The focal distance of the 1st lens group thru/or the 4th lens group, 
f34 is the synthetic focal distance of the 3rd lens group and the 4th lens group, rl, and r2. - Radius of curvature of each 
lens side, dl and d2 For --, the gap between each lens side, nl931, and n!932 - are the 193nm refractive index of each 
lens, nu 1, and nu 2. - is the Abbe number of each lens, and an aspheric surface configuration is expressed with the 
following formula when the direction which intersects the direction of an optical axis perpendicularly with x and an 
optical axis is set to y. 
[0035] 

x=(y2/r)/[l+{l-P( y2/r2)} 1/2 ] 

+ For A4y4+A6y6+A8y8+A10 ylO, however r, paraxial radius of curvature and P are a constant of the cone, A4, and 
A6, A8 and A 10. It is an aspheric surface coefficient. 

[0036] In addition, the scale factor of each example sets 1000mm and an exposure field to one fifth, numerical aperture 
NA sets 0.45 and length between object images D in the examples 1, 2, 4-9, and it is 15x15mm in 10x10mm and an 
example 3. moreover ~ a focal distance - the projection lens of this invention - a body side and an image side - both 
the tele cent — since it is a rucksack lens system, any example is infinite. 

[0037] Example lrl = 451.692 (aspheric surface) dl = 6.713 nl931 =1.56 (Si02) nul=67.8r2 =-288.953 d2 = 217.576 
r3 = -91.166 (aspheric surface) d3 = 5.000 nl932 =1.56 (Si02) nu2=67.8r4 = 91.869 d4 = 101.863 r5 = 735.532 
(aspheric surface) d5 = 26.997 nl933 =1.56 (Si02) nu3=67.8r6 =-136.072 d6 = 0.339 r7 = 108.940 d7 = 8.578 
nl934=1.56 (Si02) nu4=67.8r8 = 97.643 (aspheric surface) d8= 245.090 r9 =-118.470 d9= 9.457 nl935 =1.56(Si02) 
nu5=67.8rl0=-139.413 dl0= 14.230 rll= 248.505 (aspheric surface) dl 1= 49.436 nl936 =1.56 (Si02) nu6=67.8rl2=- 
228.156 dl2= 1 14.603 rl3= 67.874 dl3= 44.827 nl937 =1.56 (Si02) nu7=67.8rl4= 75.136 (aspheric surface) The 
aspheric surface coefficient 1st page P = 1 A4 = 2.93249x1 0-8 A6 = -6.01561xl0-13A8 = 7.75262x10-17 A10 =- 
1.59422x10-20 The 3rd page P = 1 A4 = 1.70739xl0-7A6 = -9.00445x1 0-1 2 A8 = [ -1.88095x10-16 ] The A10 
=3.32351x10-18 5th page P = 1 A4 = [ 3.77679x1 0-9A6 ] = 1.18388x10-13 A8 =-6.91515x10-17 A10 = 1.78302x10-21 
The 8th page P = 1 A4 = [ 2.2495 1x1 0-8 A6 ] = 5.83034x10-13 A8 = 1.81963x10-17 A10 = 3.58875x10-21 The 1 1th 
page P = 1 A4 = [ -2.18203xl0-8A6 ] =-5.58764x10-13 A8 =-3.39369x10-18 A10 = 4.26460x10-22 The 14th page P = 
1 A4 = [ 4.78744x1 0-7 A6 ] = 9.95229x10-1 1 A8 3 = 219.905 f = 1.82581x10-14 A10 = 9.52854x10-18 fl = 315.709f2 
=-80.917f4= 152.61 If 34= 608.503 . 

[0038] Example 2rl = 346.678 (aspheric surface) dl = 8.996 nl93 = 1.56 (Si02) nu =67.8r2 =-21 1.745 d2 = 1 16.945 r3 
= -84.931 (aspheric surface) d3 = 5.000 nl93 = 1.56 (Si02) nu =67.8r4 = 92.254 d4 = 73.419 r5 = 690.064 d5 = 18.505 
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nl93 = 1.56 (Si02) nu =67.8r6 =-1 18.105 d6 = 221.548 r7 = 110.508 d7 = 6.107 nl93 =1.56 (Si02) nu =67.8r8 = 
94.010 (aspheric surface) d8= 215.600 r9 =-1 16.782 d9= 5.000nl93 =1.56(Si02) nu =67.8rl0=-135.508 dl0= 0.100 
rl 1= 254.527 (aspheric surface) dl 1= 12.600 nl93 = 1.56 (Si02) nu=67.8rl2=-7731.132 dl2= 0.100rl3= 321.598 dl3= 
38.382 nl93 - 1.56 (Si02) nu =67.8rl4=-249.389 dl4= 97.319 rl5= 54.043 dl5= 46.683 nl93 =1.56(Si02) nu 
=67.8rl6= 45.969 (aspheric surface) The aspheric surface coefficient 1st page P = 1 A4 = [ 3.50944x1 0-8 A6 ] =- . 
1.1731 1x10-12 A8 =-9.39000x10-17 A10 = -1.18581x10-20 The 3rd page P = 1 A4 = [ 1.51045xl0-7A6 ] = 
3.15495x10-11 A8 = 7.17742x10-15 A10 = The 1.17334x10-18 8th page P = 1 A4 = [ 2.4 1442x1 0-8 A6 ] =- 
1.37501x10-13 A8 =-3.82684x10-17 A10 = -4.07941x10-21 The 11th page P = 1 A4 = [ -2.85336x1 0-8A6 ] =- 
9.27780x10-13 A8 =-9.61658x10-18 A10 = 5.57595x10-22 The 16th page P = 1 A4 = [ 1. 69376x1 0-6A6 ] = 
1.04389xl0-9A8 = 4.87186x10-13 A10 = 7.55304x10-16 fl = 236.105f2 =-78.173f3 = 150.720f4= 1 14.477f34=- 
147.329. 

[0039] Example 3rl = 226.862 (aspheric surface) dl = 21.097 nl93 = 1.56 (Si02) nu =67.8r2 =-331.243 d2 = 156.694 
r3 = -74.083 (aspheric surface) d3 = 84.138 nl93 = 1.56 (Si02) nu =67.8r4 = 84.138 d4 = 104.086 r5 = 652.171 
(aspheric surface) d5 = 28.328 nl93 = 1.56 (Si02) nu =67.8r6 =-137.525 d6 = 20.895 r7 = 1 17.445 d7 = 5.000 nl93 
=1.56 (Si02) nu =67.8r8 = 103.697 (aspheric surface) d8= 236.472 r9 =-128.167 d9= 6.469nl93 =1.56(Si02) nu 
=67.8rl0=- 154.631 (aspheric surface) dlO= 6.469rll= 190.291 (aspheric surface) dll= 22.633 nl93 = 1.56 (Si02) nu 
=67.8rl2=-308.181 dl2= 1 17.017rl3= 68.215 dl3= 49.275 nl93 =1.56 (Si02) nu = 67.8rl4= 87.724 (aspheric surface) 
The aspheric surface coefficient 1st page P = 1 A4 = 1.0 1346x1 0-8 A6 = -6.39640xl0-13A8 =-1.03771x10-17 A10 =- 
3.19138x10-22 The 3rd page P = 1 A4= 3.88528x10-7 A6 = 3.09256x10-1 1A8 = 3.921 10x10-15 A10 = The 
2.74269x10-18 5th page P = 1 A4 = [ 4.35316xl0-9A6 ] =-9.04323x10-13 A8 = 9.26304x10-17 A10 = -6.78193x10-21 
The 8th page P = 1 A4 = [ 1.82229xlO-8A6 ] =-2.70904x10-13 A8 = 1.92104x10-17 A10 = 7.81170x10-21 The 10th 
page P = 1 A4 = [ -9.39398x10-10 ] A6 = [ -7.71154x10-14 ] A8 = [ -2.42008x10-18 ] A10 =-1.25911x10-21 The 11th 
page P = 1 A4 = -2.2 1247x1 0-8 A6 = -6.04358xl0-13A8 =-1.70217x10-17 A10 = 3.49063x10-22 The 14th page P = 1 
A4 = 6.77267x1 0-7A6= 1.17636xlO-10A8 3 = 220.394 f= 2.34623x10-14 A10= 1.16254x10-17 fl =243.746f2 =- 
59.072f4= 162.576f 34= 671.921 . 

[0040] Example 4rl =-572.0476 dl = 10.000 nl931 =1.56 (Si02) nul=67.8r2 =-184.8433 d2 = 409.771 r3 =-458.4715 
d3 = 10.000 nl932 =1.56 (Si02) nu2=67.8r4 = 202.4878 (aspheric surface) d4 = 190.139 r5 = 286.1623 (aspheric 
surface) d5 = 45.952 nl933 =1.56 (Si02) nu3=67.8r6=-2 14.2468 d6 = 45.952 r7 = 187.2298 d7 = 29.313 nl934 =1.56 
(Si02) nu4=67.8r8 = 2521.0651 d8 = 97.435r9 = 69.7454 d9 = 44.735 nl935 =1.56 (Si02) nu5=67.8r 10=42.0656 
(aspheric surface) The aspheric surface coefficient 4th page P = 1 A4 = 1.5953 8x1 0-7 A6 = 8.31 03x1 0-12A8 = 5.1 193 
xlO-16 A10 =-3.9590 xlO-20 The 5th page P = 1 A4 = -3.7261 Ixl0-8A6 = 6.90136xl0-14A8 = 7.79908x10-18 A10 =- 
1.74025x10-22 The 10th page P = 1 A4 = [ 9.15018xlO-7A6 ] = 6.01403x10-10 A8 4 = 425.39731 f = 1.35777x10-13 
A10 = 5.31287x10-16 fl =483. 16993f2 =-249.45725f3 = 226.2408 If 34= 105.47071 . 

[0041] Example 5rl =-541.2251 (aspheric surface) dl = 10.000 nl931 =1.56 (Si02) nul=67.8r2 =-178.508 d2 = 
380.563 r3 =-116.7046 (aspheric surface) d3 = 10.000 nl932 =1.56 (Si02) nu2=67.8r4 = 167.246 d4 = 88.289 r5 = 
493.1745 (aspheric surface) d5 = 31.836 nl933 =1.56 (Si02) nu3=67.8r6 =-167.779 d6 = 152.364 r7 = 171.5560 
(aspheric surface) d7= 39.607 nl934 =1.56(Si02) nu4=67.8r8 =-486.272 d8= 1 14.281 r9 = 62.349 d9 = 48.557 nl935 
=1.56(Si02) nu5=67.8rlO= 47.5491 (aspheric surface) The aspheric surface coefficient 1st page P = 1 A4 = 
[ 2.03175xlO-8A6 ] = 3.10104x10-13 A8 = 3.35603xl0-17A10 = -1.06665x10-20 The 3rd page P = 1 A4 = [ - 
8.73843xl0-8A6 ] = 2.43775x10-12 A8= 3.77550x10-16 A10 =1.31565x10-19 5th page P= 1 A4 = -1.65516xl0-8A6 = 
-4.46539xlO-13A8 = [3.83871xlO-17A10] = -1.091 13x10-21 The 7th page P = 1 A4 = [ -2.77045x1 0-8 A6 ] =- 
6.49105x10-13 A8 =-1.28276x10-17 A10 = -3.27926x10-22 The 10th page P = 1 A4 = [ 1. 06582x1 0-6A6 ] = 
5.51608x10-10 A8 4 = 163.541 16 f = 2.17457x10-13 A10 = 2.85959x10-16 fl = 470.98184f2 =-121.21548f3 = 
227.48599f 34= 134.92856. 

[0042] Example 6rl =-639.5688 dl = 10.000 nl931 =1.56 (Si02) nul=67.8r2 =-172.8565 d2 = 336.346 r3 =-1 17.7121 
(aspheric surface) d3 = 10.000 nl932 =1.56 (Si02) nu2=67.8r4 = 138.9428 d4 = 86.675 r5 = 428.5867 (aspheric 
surface) d5 = 28.263 nl933 =1.56 (Si02) nu3=67.8r6=-173.7725 d6 = 167.149 r7 = 160.0200 (aspheric surface) d7 = 
35.5094 nl934 =1.56(Si02) nu4=67.8r8 =-583.8214 d8= 101.926 r9 = 65.1302 d9 = 56.228 nl935 =1.56(Si02) 
nu5=67.8rl0= 50.5856 (aspheric surface) The aspheric surface coefficient 3rd page P = 1 A4 = [ -4.975 15x1 0-8 A6 ] = 
1.00710x10-1 1 A8 = 5.58840x10-16 A10 = 2.85451x10-19 The 5th page P = 1 A4 = [ -9.69048x1 0-9 A6 ] =- 
7.78872x10-13 A8 = 5.68133x10-17 A10 = -1.88990x10-21 The 7th page P = 1 A4 = [ -3. 18894x1 0-8 A6 ] =- 
7.74915x10-13 A8 =-2.05000x10-17 A10 = -7.26451x10-22 The 10th pageP = 1 A4 = [ 1.18566xl0-6A6 ] = 
5.38757x10-10 A8 4 = 151.85925 f = 2.21 170x10-13 A10 = 1.78106x10-16 fl = 419.75575f2 =-112.22444f3 = 
224.57070f 34= 140.86807 . 
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[0043] Example 7rl =-177.6669 (aspheric surface) dl = 10.000 nl931 =1.56 (Si02) nul=67.8r2 =-114.2492 d2 = 
419.764 r3 =-340.0667 (aspheric surface) d3 = 10.000 nl932 =1.56 (Si02) nu2=67.8r4 = 147.5802 d4 = 94.540 r5 = 
316.7103 (aspheric surface) d5 = 36.042 nl933 =1.56 (Si02) nu3=67.8r6 =-150.7398 d6 = 229.790 r7 = 142.6463 d7 = 
19.393 nl934 =1.56 (Si02) nu4=67.8r8 = 2500.1875 d8 = 32.167 r9 = 60.801 1 d9 = 64.565 nl935 = 1.56(Si02) 
nu5=67.8rl0= 38.4152 (aspheric surface) The aspheric surface coefficient 1st page P = 1 A4 = [ 2.961 98x1 0-8 A6 ] = 
2.80539x10-12 A8 = 3.32053xl0-16A10 = -3.12952x10-20 The 3rd page P = 1 A4 = [ - 1. 53 160x1 0-7 A6 ] =- 
7.02996x10-12 A8 --6.64599x10-16 A10 = -2.96550x10-20 The 5th page P= 1 A4 = [ -3. 63247x1 0-8 A6 ] =- 
3.24021x10-13 A8 = 2.73201x10-17 A10 = -5.07985x10-22 The 10th page P = 1 A4 = [ 2.72286x1 0-6 A6 ] = 
2.66106xl0-9A8 = 4 = 163.65149 f 1.32154x10-12 A10 = 6.12735x10-15 fl = 540.93912O =-182.43733f3 = 
187.56708f 34= 144.89599 . 

[0044] Example 8rl =-770.5823 (aspheric surface) dl = 10.000 nl931 =1.56 (Si02) nul=67.8r2 =-181.1563 d2 = 
323.852 r3 =-104.2579 d3 = 10.000 nl932 =1.56 (Si02) nu2=67.8r4 = 152.4160 (aspheric surface) d4 = 83.320 r5 = 
687.3939 (aspheric surface) d5 = 27.073 nl933 =1.56 (Si02) nu3=67.8r6 =-152.2819 d6 = 199.438 r7 = 165.5278 
(aspheric surface) d7 = 37.254nl934 =1.56(Si02) nu4=67.8r8 =-521.4727 d8 = 110.829r9 = 64.7358 d9 = 55.673 
nl935 =1.56 (Si02) nu5=67.8r 10=5 1.6 125 (aspheric surface) The aspheric surface coefficient 1st page P = 1 A4 = 
1 .331 79x1 0-8A6= 1.51 140xlO-13A8 = [ -4.98385x10-17 ] A10 = 7.93760x10-21 The 4th page P = 1 A4 = 
2.63093x1 0-8A6 = -8.62168xl0-12A8 =-5.04964x10-16 A10 = 5.54964x10-20 The 5th page P = 1 A4=-l. 75977x10- 
8A6 = -2.26585xl0-14A8 = 7.86457x10-18 A10 =-2.01203x10-22 The 7th page P = 1 A4 = -2.7 1075x1 0-8 A6 = - 
6.98608x1 0-1 3 A8 = [ -1.54543x10-17 ] A10 =-4.67852x10-22 The 10th page P = 1 A4 = 1.20203xlO-6A6 = 
5.58619xl0-10A8 = 1.88633x10-13 A10 = 2.53098x10-16 fl = 420.35709f2 = 3 = -109.02802O25.22159 4 = 
152.37870 ff 34= 167.04208 . 

[0045] Example 9rl =-689.8204 dl = 10.000 nl931 =1.56 (Si02) nul=67.8r2 =-175.7935 d2 = 335.963 r3 =-1 17.2918 
d3 = 10.000 nl932 =1.56 (Si02) nu2=67.8r4 = 133.7268 (aspheric surface) d4 = 85.589 r5 = 489.8047 (aspheric 
surface) d5 = 28.595 nl933 =1.56 (Si02) nu3=67.8r6=-164.6619 d6 = 165.824 r7 = 164.5730 (aspheric surface) d7 = 
36.401 nl934 =1.56(Si02) nu4=67.8r8 =-519.6006 d8 = 102.620r9 = 65.0957 d9 = 55.004 nl935 =1.56 (Si02) 
nu5=67.8rlO=5 1.1461 (aspheric surface) The aspheric surface coefficient 4th page P = 1 A4 = 4.70544x1 0-8A6 = - 
9.70520xl0-12A8 = [ -7.80392x10-16 ] A10 = 5.09643x10-20 The 5th page P = 1 A4 = -1.03988xl0-8A6 = - 
2.91909xl0-13A8 = 8.42545x10-18 A10 =-3.31289x10-23 The 7th page P = 1 A4 = [ -2.93 977x1 0-8 A6 ] =- 
7.99535x10-13 A8 =-1.74429x10-17 A10 = -4.57788x10-22 The 10th page P = 1 A4 = [ 1.1 3344x1 0-6A6 ] = 
5.02843x10-10 A8 4 = 152.68722 f = 1.71824x10-13 A10 = 1.87329x10-16 fl = 418.352780 =-1 10.008320 = 
223.5661 If 34= 141.63892. 

[0046] Aberration drawing showing the spherical aberration of the above examples 1-3, astigmatism, distortion 
aberration, and transverse aberration is shown in drawing 10 - drawin g 1 8 . Among drawing, in Y, an image quantity 
ratio and M show the meridional image surface, and S shows the sagittal image surface. 
[0047] 

[Effect of the Invention] a body side with the permeability with a large exposure field and high resolution sufficient as 
explained above according to this invention, and an image side both - a tele cent — the contraction projection lens of 
a rucksack configuration can be obtained. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 
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CORRECTION OR AMENDMENT 



[Official Gazette Type] Printing of amendment by convention of 2 of Article 17 of patent law 
[A section partition] The 2nd partition of the 6th section 
[The date of issue] December 8, Heisei 10 (1998) 

[Publication No.] Publication number 5-34593 
[Date of Publication] February 12, Heisei 5 (1993) 
[Year copy format] Open patent official report 5-346 
[Filing Number] Japanese Patent Application No. 3-281223 
[International Patent Classification (6th Edition)] 

G02B 13/24 

13/14 

13/18 

[FI] 

G02B 13/24 

13/14 

13/18 

[Procedure revision] 

[Filing Date] June 17, Heisei 10 

[Procedure amendment 1] 

[Document to be Amended] Specification 

[Item(s) to be Amended] Claim 

[Method of Amendment] Modification 

[Proposed Amendment] 

[Claim(s)] 

[Claim 1] It consists of positive 4th lens groups which have at least one meniscus lens which turned the positive 1st lens 
group, the negative 2nd lens group, and the positive 3rd lens group, and turned a concave surface to an image side in 
order [ side / body ], 

an unit or two or more lenses which consist of a with a refractive index of 1 .6 or less glass material constitute each lens 
group — having — and 

A contraction projection lens characterized by arranging the page [ 1st / at least ] aspheric surface at the 2nd lens group 
and the 4th lens group, respectively. 

[Claim 2] A contraction projection lens according to claim 1 characterized by being constituted by both tele cent 
rucksack by which an entrance pupil and an exit pupil location were fully set up in the distance. 

[Claim 3] Si02 from — a contraction projection lens which consists of two or more becoming lenses, and total thickness 
of a lens is 1/4 or less [ of length between object images ], and is characterized by being constituted by both-sides tele 
cent rucksack in order to form a body image by light with a wavelength of 250nm or less. 

[Claim 4] It consists of positive 4th lens groups which have at least one meniscus lens which turned the positive 1st lens 
group, the negative 2nd lens group, and the positive 3rd lens group, and turned a concave surface to an image side in 
order [ side / body ], 
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The 1st lens group projects an entrance pupil in a method of abbreviation infinite distance of a RENSU system near the 
3rd lens group, 

The 2nd lens group has the aspheric surface, 

the 3rd lens group ~ emission light from the 2nd lens group — abbreviation — the parallel flux of light - changing 
The 4th lens group is a contraction projection lens system characterized by having the aspheric surface. 
[Claim 5] A contraction projection lens system characterized by satisfying the following conditions in claim 1 or 4. 
| f34|<D/5 ... ** 

However, f34 is the synthetic focal distance of the 3rd lens group and the 4th lens group, and D is length between object 
images. 

[Claim 6] A contraction projection lens system characterized by satisfying the following conditions in claim 1 or 4. 
f4<D/2...** 

However, f4 A focal distance of the 4th lens group and D are length between object images. 

[Claim 7] In claim 1 or 4, 

The 1 st lens group consists of a biconvex lens, 

The 2nd lens group consists of a biconcave lens, 

A contraction projection lens system characterized by consisting of a pre-group which the 3rd lens group turns into from 
a biconvex lens, and a back group of two negative meniscus lenses which opposed a concave surface. 
[Claim 8] In claim 7, 

A contraction projection lens system characterized by the 4th lens group consisting of a biconvex lens and a positive 
meniscus lens which turned a concave surface to an image side. 
[Claim 9] In claim 7, 

A contraction projection lens system characterized by the 4th lens group consisting of two biconvex lenses and a 
negative meniscus lens which turned a concave surface to an image side. 
[Claim 10] In claim 7, 

A contraction projection lens system characterized by the 4th lens group consisting of a biconvex lens and two positive 
meniscus lenses which turned a concave surface to an image side. 
[Claim 1 1] In claim 1 or 4, 

The 1st lens group consists of a positive meniscus lens which turned a concave surface to a body side, 
The 2nd lens group consists of a biconcave lens, 

A contraction projection lens system characterized by the 3rd lens group consisting of a biconvex lens. 
[Claim 12] In claim 11, 

A contraction projection lens system characterized by consisting of a positive meniscus lens with which the 4th lens 
group turned a concave surface to an image side, and a negative meniscus lens which turned a concave surface to an 
image side. 

[Claim 13] In claim 11, 

A contraction projection lens system characterized by the 4th lens group consisting of a biconvex lens and a negative 
meniscus lens which turned a concave surface to an image side. 

[Claim 14] A contraction projection lens system characterized by satisfying the following conditions in claims 8 and 9 
or 10. 

fl <D/2.5 ... ** 

However, fl A focal distance of the 1st lens group and D are length between object images. 

[Claim 15] A contraction projection lens system characterized by thickness of two negative MENIME dregs lenses of 
the 3rd lens group being 1/4 or less [ of an effective diameter ] in claims 8 and 9 or 10. 

[Claim 16] A contraction projection lens system characterized by satisfying the following conditions in claims 8 and 9 
or 10. 

| £2 |<D/5 ... ** 

However, f2 A focal distance of the 2nd lens group and D are length between object images. 

[Claim 17] A contraction projection lens system characterized by satisfying the following conditions in claim 12 or 13. 
D/3<fl<D... ** 

However, fl A focal distance of the 1st lens group and D are length between object images. 

[Claim 18] A contraction projection lens system characterized by satisfying the following conditions in claim 12 or 13. 
D/10<|f2 | ... ** 

However, £2 A focal distance of the 2nd lens group and D are length between object images. 
[Procedure amendment 2] 
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[Document to be Amended] Specification 
[Item(s) to be Amended] 0009 
[Method of Amendment] Modification 
[Proposed Amendment] 

[0009] another contraction projection lens of this invention — Si02 from — it consists of two or more becoming lenses, 
the total thickness of a lens is 1/4 or less [ of length between object images ], and in order to form a body image by light 
with a wavelength of 250nm or less, it is characterized by being constituted by the both-sides tele cent rucksack. This 
invention further another contraction projection lens In order [ side / body ], the positive 1st lens group, the negative 2nd 
lens group, the positive 3rd lens group, It consists of positive 4th lens groups which have at least one meniscus lens 
which turned the concave surface to the image side, the entrance pupil which the 1st lens group has in the method of 
abbreviation infinite distance of a RENSU system - the near 3rd lens group - projecting — the 2nd lens group — the 
aspheric surface - having - the 3rd lens group — the emission light from the 2nd lens group - abbreviation — it changes 
into the parallel flux of light, and the 4th lens group is characterized by having the aspheric surface. 



[Translation done.] 
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[0 0 3 6] &mffi&}<Dfem* 1 / 5 



A 4 . A 6 , 



AttO. 



4 5, 
1 , 



»DIJ1 0 0 0mm, 

9 fcfe^Ttt 10X1 Omm, 



2 

d 3 



r , = 451. 692 (#J*fl5)- d, 
r 2 = -288.953 d 
r 3 = -91. 166 (imffi) 
r 4 = 91.869 
r 5 = 735.532 (##H) 
r 6 = -136. 072 
108. 940 

97. 643 mnm) 

118.470 
139. 413 

248.505 &mm) 

228. 156 
67. 874 

75. 136 mnm) 



6. 713 
217. 576 
5. 000 



d 4 = 101. 863 



r 8 = 
r 9 = 

r io= 

r !2 = 
r 13= 
r 14= 



d 5 = 
d 7 = 



26. 997 
0. 339 
8. 578 



d 8 = 245. 090 



da = 



9. 457 
d 10 = 14.230 
d„= 49.436 
d 12 = 114.603 
d, 3 = 44.827 



p = i 

A 4 - 2.93249X 10-8 
A 6 =-6. 01561 x 10 13 
A 8 = 7.75262X 10-1 7 
A,q =-1. 59422x 10-20 



^JS«3 l:*^Ttt 15X1 5mmT»§. 

[0037] nmm i 

n l931 =1. 56 (Si0 2 ) v ,=67. 8 

n 1932 =1. 56 (Si0 2 ) v 2 =67. 8 

n 1933 =1. 56 (Si0 2 ) v 3 =67. 8 

n 1934 =1. 56 (Si0 2 ) v 4 =67. 8 

n, 935 =1. 56 (Si0 2 ) v 5 =67. 8 

n 1936 =1. 56 (Si0 2 ) v 6 =67. 8 

n ] 93 7 - 1. 56(Si0 2 ) v 7 =67. 8 



A 6 = 5. 83034X 10-13 
A 8 = 1. 81963X 10-1 7 
A 10 = 3. 58875 X 10-2! 
Si IB 
P = 1 

A 4 =-2.18203x 10-8 
A 6 =-5. 58764X 10-13 
A 8 =-3.39369x 10-18 



p = 1 


A, 0 = 4. 26460X 10-22 


A 4 = 1. 70739 X 10" 7 


si 4® 


A 6 =-9.00445X 10-12 


P = 1 


A 8 =-1.88095x 10-16 


A 4 = 4. 78744X 10-7 


A, 0 = 3. 32351 X 10-18 


A 6 = 9. 95229XI0-U 


W> 5 B5 


A 8 = 1.82581 X 10-14 


P = 1 


A, 0 = 9. 52854X 10-18 


A 4 = 3.77679X 10- 9 


f , = 315.709 


A 6 = 1. 18388X 10-1 3 


f 2 = -80. 917 


A 8 =-6. 91515X IO-1 7 


f 3 = 219. 905 


A 10 = 1. 78302 x 1 O" 21 


f 4 = 152. 611 




f 34= 608. 503 


P = 1 


[0038] mnm2 



2. 24951X 10-8 

r i = 
r 2 = 
r 3 = 
r 4 = 
r 5 = 
r 6 = 
r 7 = 
r 8 = 



346.678 amm 

-211. 745 



-84. 931 
92. 254 
690. 064 
-118. 105 

110. 508 



d , = 8. 996 
d 2 = 116. 945 

d 4 = 
d 5 = 



5. 000 
73.419 
18. 505 
d 6 = 221. 548 
d 7 = 6.107 



n 193 =1. 56 (Si0 2 ) v =67. 8 

n 193 =1. 56 (Si0 2 ) v =67. 8 

n 193 =1. 56 (Si0 2 ) v =67. 8 

n, 93 =1. 56 (Si0 2 ) v =67. 8 



94. 010 (4mm) d 8 = 215. 600 
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r 9 = 


-116. 782 




d 9 = 


5. 000 


n 193 =1. 56 (Si0 2 ) 


V 


=67.8 


r 10= 


-135. 508 




d io= 


0. 100 








r ir 


254. 527 


t*»BD 


d n = 


12. 600 


n 193 =1. 56 (Si0 2 ) 


V 


=67.8 


r 12= 


-7731. 132 




d 12= 


0. 100 








ri3= 


321. 598 




d 13= 


38. 382 


n 193 =1. 56 (Si0 2 ) 


V 


=67. 8 


r 14= 


-249. 389 




d 14 = 


97. 319 








r 15= 


54. 043 






46. 683 


n 193 =1. 56 (Si0 2 ) 


V 


=67. 8 


r 16= 


45. 969 














ill® 










^11® 
P = 1 






P = 1 










A 4 =-2.85336xl0- 8 






A 4 = 3. 50944X 10-8 










A 6 =-9. 27780X 10-1 3 






A 6 =-1. 17311X10' 12 










A 8 =-9. 61658X 10-18 






A 8 =-9. 39000 X 10" 17 










A 10 = 5. 57595X 10-22 






A 10 =-1- 18581 X 10-20 










mi e® 






W> 3 ® 










p = i 






P = 1 










A 4 = 1. 69376X 10-6 






A 4 = 1. 5 1045 xl O- 7 










A 6 = 1.04389 XI 0" 9 






A 6 = 3. 15495X 10-" 










A 8 = 4. 87186X 10-13 






A 8 = 7. 17742X 10' 15 










A, 0 = 7. 55304X 10-16 






A, 0 = 1. 17334x 10-18 
g§8® 










f , = 236. 105 
f 2 = -78. 173 






P = 1 










f 3 = 150. 720 






A 4 = 2. 41442X 10" 8 










f 4 = 114.477 






A 6 ==-1. 37501 X 10- J3 










f 34 =-147. 329 






A 8 =-3. 82684X 10' 17 










[oo39] mmm 3 






A, 0 =-4. 07941 x 10-21 
















r i = 


226. 862 


wmsi 


d,= 


21.097 


nigg =1. 56 (Si0 2 ) 


V 


=67. 8 


r 2 = 


-331. 243 




d 2 = 


156. 694 








1*3 = 


-74. 083 


SMMB 


d 3 = 


84. 138 


n 193 =1. 56 <Si0 2 ) 


V 


=67. 8 


r 4 = 


84. 138 




d 4 = 


104. 086 








r 5 = 


652. 171 


mmsi 


d 5 = 


28. 328 


n 193 =1. 56 (Si0 2 ) 


V 


=67. 8 


r 6 = 


-137. 525 




d 6 = 


20. 895 








r 7 = 


117. 445 




d 7 = 


5. 000 


n 193 =1. 56 (Si0 2 ) 


V 


=67. 8 


r 8 = 


103. 697 




d 8 = 


236. 472 








r 9 = " 


128. 167 






6. 469 


n 193 =1. 56 (Si0 2 ) i 


t - 


67. 8 


r 10= 


-154. 631 


(4mm) 


d i0= 


6. 469 








r ir 


190. 291 




d n = 


22. 633 


n, 93 =1. 56 (Si0 2 ) 


V 


=67. 8 


fir 


-308. 181 




d 12= 


117.017 








r 13= 


68. 215 




d 13= 


49. 275 


n 193 =1. 56 (Si0 2 ) 


V 


=67. 8 


r i4= 


87. 724 


(#3»IB) 













mi® 
p = i 

A 4 = 1.01346X 10-8 
A 6 =-6. 39640X 10-1 3 
A 8 =-1. 03771 x 10-17 
A 10 =-3. 19138X10-22 
fg3ffi 



P = 1 

A 4 = 3. 88528 X 10~ 7 
A 6 = 3. 09256X 10-H 
A 8 = 3. 92110X10-15 
A 10 = 2. 74269x 10-18 
fg5® 
P = 1 

A 4 = 4. 35316X 10' 9 
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A 6 =-9.04323X 10^3 
A 8 = 9.26304X 10-^ 
A, 0 =-6. 78193X 10-21 

P = 1 

A 4 = 1.82229X 10- 8 
A 6 =-2. 70904 x 10-13 
A 8 = 1.92104X 1017 
A 10 = 7. 81170x10-21 

mi 0® 

P = 1 

A 4 =-9. 39398x 10-1° 
A 6 =-7. 71154X10-14 
A 8 =-2. 42008 X 10" 18 
A 10 =-1. 2591 1 X 10-21 
Si IB 
P = 1 



r i = 
r ? = 



r 5 = 
r 6 = 
r 7 = 
r 8 = 
r 9 = 
r l0 = 



-572.0476 d,= 10.000 

-184. 8433 d 2 = 409. 771 

-458.4715 d 3 = 10.000 

202. 4878 d 4 = 190. 139 

286. 1623 m&m) d 5 = 45. 952 

-214.2468 d 6 = 45.952 

187.2298 d 7 = 29.313 

2521.0651 d 8 = 97.435 

69.7454 d 9 = 44.735 

42. 0656 amm) 



A 4 




~2. 21247X 10-8 


A 6 




-6. 04358X 10-13 


A 8 




-1. 70217x 10-17 


Aio 




3.49063X 10-22 


%\ 4® 


P 




1 


A 4 




6. 77267X 10-7 


A 6 




1. 17636x 10-1° 


A 8 




2. 34623x 10-14 


Aio 




1. 16254x 10-17 


f , 




243. 746 


U 




-59. 072 


u 




220. 394 


u 




162. 576 






671. 921 



[0 0 4 0] ; 

n 193J =1. 56 (Si0 2 ) v ^67. 8 
n, 932 =1. 56 (Si0 2 ) v 2 =67. 8 

n 1933 

= 1. 56 (Si0 2 ) v 3 =67. 8 
n 1934 =1. 56 (Si0 2 ) v 4 =67. 8 

n 1935 

-1. 56 (Si0 2 ) v 5 -67. 8 



S4I 
P = 1 

A 4 = 1.59538X 10-7 
A 6 = 8.3103 x IO-12 
A 8 = 5. 1193 XlO-i 6 
A 10 =-3. 9590 xl0-2° 

msm 
P = 1 

A 4 =-3.7261 1 xi0- 8 
A 6 = 6. 90136X 10" 14 
A 8 = 7. 79908X 10-18 
A, 0 =-1. 74025X 10-22 



r 3 = 
r 4 = 
r 5 = 
r 6 = 

r 7 = 

r 8 = 
r q = 



-541. 2251 &mm) d, 

-178.508 d 2 

-116. 7046 (imm) d 3 

167.246 d 4 

493. 1745 (#^ffi) d 5 

-167.779 d 6 

171. 5560 (#3*®) d 7 

-486.272 d 8 
62. 349 



d 9 = 



10. 000 
380. 563 
10. 000 
88. 289 
31. 836 
152. 364 
39. 607 
114. 281 
48. 557 



Si 0® 
P = 1 

A 4 = 9. 15O18X10-7 
A 6 = 6.01403x 10-1° 
A 8 = 1.35777X 10-13 
A 10 = 5. 31287X 10-16 
f , = 483. 16993 
f 2 =-249.45725 
f 3 = 226. 24081 
f 4 = 425.39731 
f 34 = 105.47071 
[0 0 4 1] SHI 



n 1931 =1. 56 (Si0 2 ) v ,=67. 8 

n, 932 =1. 56 (Si0 2 ) v 2 =67. 8 

n I933 =1. 56 (Si0 2 ) v 3 =67. 8 

n 1934 =1. 56 (Si0 2 ) v 4 =67. 8 

n 1935 =1. 56 (Si0 2 ) v 5 =67. 8 



- 7 - 
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r m= 



47. 5491 (4mm) 



mim 
p - i 

A 4 = 2.03175X 10" 8 - 
A 6 = 3. 10104X10-1 3 
A 8 = 3.35603X 10-17 
A, 0 =-1. 06665X 10" 20 

P = 1 

A 4 =-8.73843x 10-8 
A 6 = 2.43775X 1012 
A 8 = 3. 77550x 10-16 
A 10 = 1. 31565X 10" 19 
^5® 
P = 1 

A 4 =-1.65516x 10-8 
A 6 =-4. 46539X 10-1 3 
A 8 = 3. 83871 XIO-1 7 
A 10 =-1.09113X10-21 

r 1 = 
r 3 = 

r 4 = 

r 5 = 
r 6 = " 

r 8 = 

r 9 = 



-639.5688 d 1 = 10.000 

-172. 8565 d 2 = 336. 346 

-117. 7121 mnm) d 3 = 10.000 

138.9428 d 4 = 86.675 

428. 5867 mmS) d 5 = 28.263 

173. 7725 d 6 = 167. 149 

160. 0200 mnnm) d 7 = 35.5094 

-583. 8214 d 8 = 101. 926 

65.1302 d 9 = 56.228 

50. 5856 (4mm 



Sg7® 
P = 1 

A 4 =-2.77045x 10-8 
A 6 =-6.49105xl0-i 3 
A 8 =-1. 28276X 10-17 
A 10 =-3. 27926x 10-22 

mi OS 

P = 1 

A 4 = 1.06582X 10-6 
A 6 = 5.51608x 10-1° 
A 8 = 2. 17457X 10-13 
A 10 = 2. 85959X 10-1 6 
f , = 470. 98184 
f 2 =-121. 21548 
f 3 = 227.48599 
f 4 = 163. 54116 
f 34 = 134.92856 

[0042] nmm e 

n 19 3, =1. 56 (Si0 2 ) v ,=67. 8 

n 1932 =1. 56 (Si0 2 ) v 2 =67. 8 

' n ]933 =1. 56 (Si0 2 ) v 3 =67. 8 

n 1934 =1. 56 (Si0 2 ) v 4 =67. 8 

n I935 =1. 56 (Si0 2 ) v 5 =67. 8 



fg3® 
P = 1 

A 4 =-4.97515x 10-8 
A 6 = 1.00710X 10-H 
A 8 = 5. 58840X 10-16 
A, 0 = 2.85451X 10-19 
fg5® 
P = 1 

A 4 =-9.69048xl0- 9 
A 6 =-7. 78872X 10-13 
A 8 = 5. 68133x 10-17 
A, 0 =-1. 88990x 10-21 
3§7® 
P = 1 

A 4 =-3.18894x 10-8 



r , = 
r 2 = 



■177. 6669 i$mm) d,= 10.000 

-1 14. 2492 d 2 = 419. 764 



A 6 =-7. 74915x 10-13 
A 8 =-2.05000x 10-17 
A 10 =-7. 26451 X 10-22 

mi 0® 

P = 1 

A 4 = 1. 18566X 10-6 
A 6 = 5.38757X 10-10 
A 8 = 2.21170X10-13 
A 10 = 1. 78106X 10-16 
f ] = 419. 75575 
f 2 =-1 12. 22444 
f 3 = 224. 57070 
f 4 = 151. 85925 
f 34 = 140.86807 

[0043] mmm7 

n, 93I =1. 56(Si0 2 ) v ,=67. 8 
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r 3 = 


-340. 0667 &mm) 


d 3 = 


10. 000 


n 


1932 


=1.56(Si0 2 ) 


v 2 =67. 8 


r 4 = 


147. 5802 


d 4 = 


94. 540 










r 5 = 


316. 7I03(#»ffi) 


d 5 = 


36. 042 


n 


1933 


= 1. 56 (Si0 2 ) 


v 3 =67. 8 


r s = 


-150. 7398 


d 6 = 


229. 790 










r 7 = 


142. 6463 


d 7 = 


19. 393 


n 


1934 


=1. 56 (Si0 2 ) 


v 4 =67. 8 


r 8 = 


2500. 1875 


d 8 = 


32. 167 










^9 = 


60. 8011 


d 9 = 


64. 565 


n 


1935 


=1. 56 (Si0 2 ) 


v 5 =67. 8 


r io= 


38. 4152 (#3*®) 















mim 
p = i 

A 4 = 2.96198X 10- 8 
A 6 = 2.80539X 10-12 
A 8 = 3.32053xi0->6 
A,o =-3. 12952X 10-20 

P = 1 

A 4 =-1. 53160X 10" 7 
A 6 =-7. 02996X 10-12 
A 8 =-6. 64599X 10-1 6 
A, 0 =-2. 96550X 10-2Q 

msm 
p = i 

A 4 —3.63247X 10" 8 



ri = 

r 2 = 

r 3 = 

r 4 = 

1*5 = 

r 7 = 

r 8 = 

r 9 = 
r io= 



-770. 5823 (#S*BS) d,= 10.000 

-181. 1563 d 2 - 323. 852 

-104.2579 d 3 = 10.000 

152. 4160 &mm) d 4 = 83.320 

687. 3939 d 5 = 27.073 

-152. 2819 d 6 = 199.438 

165. 5278 &mm) d 7 = 37.254 

-521. 4727 d 8 - 110. 829 

64.7358 d 9 = 55.673 

si. 6125 i^mm) 



A 6 =-3. 24021 x 10-13 
A 8 = 2. 73201 X 10-1 7 
A, 0 =-5. 07985x 10-22 

mi om 
p = 1 

A 4 = 2.72286X 10-6 
A 6 = 2.66106X 10-9 
A 8 = 1.32154X 10-12 
A 10 = 6. 12735X 10-15 
f , = 540. 93912 
f 2 =-182. 43733 
f 3 = 187.56708 
f 4 = 163. 65149 
f 34 = 144.89599 

[0044] mmms 

n 1931 =1. 56 (Si0 2 ) v ,=67. 8 
n 1932 =1. 56 (Si0 2 ) v 2 =67. 8 
ni 933 =1. 56 (SiO z ) v 3 -67. 8 
n 1934 =1. 56 (Si0 2 ) v 4 =67. 8 

n 1935 =1. 56 (Si0 2 ) v 5 =67. 8 



mim 
p = 1 

A 4 = 1. 33179X 10-8 
A 6 = 1. 51140X10-1 3 
A 8 =-4.98385xl0- i7 
A I0 = 7. 93760X 10-21 
84® 
P = 1 

A 4 = 2. 63093X 10-8 
A 6 =-8. 62168x 10-12 
A 8 =-5. 04964X 10-16 
A 10 = 5. 54964X 10-20 
85® 



P = 1 

A 4 =-1.75977X 10-8 
A 6 =-2. 26585X 10" 14 
A 8 = 7. 86457x 10-18 
A, 0 =-2.01203x 10-22 
871 
P = 1 

A 4 ==-2.71075x 10-8 
A 6 =-6. 98608X 10-1 3 
A g =-1. 54543X 10-' 7 
A, 0 =-4. 67852x 10-22 

mi os 
p = 1 

A 4 = 1. 20203X 10* 6 
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A 6 = 5. 58619X 10-'" 
A 8 = 1. 88633X 10" 13 
A, 0 = 2. 53098X 10-I6 
f , = 420. 35709 
f 2 =-109. 02802 



f 3 = 

u = 



225. 22159 
152. 37870 
167. 04208 
[0 0 4 5] m 



f 34 = 



r i = 


-689. 8204 


di = 


10. 000 


n 1931 


= 1. 56 (Si 04 


v 


r67. 8 


r 2 = 


-175. 7935 


d 2 = 


335. 963 










r 3 = 


-117. 2918 


d 3 = 


10. 000 


n 1932 


=1. 56(Si0 2 ) 


V 


2=67. 8 


r 4 = 


133. 7268 (#«ffi) 


d 4 = 


85. 589 










r 5 = 


489. 8047 (|N«B) 


d 5 = 


28. 595 


n 1933 


= 1. 56 (Si0 2 ) 


V 


3=67. 8 


r 6 = 


-164. 6619 


d 6 = 


165. 824 










= 


164. 5730 mmsi 


d 7 = 


36. 401 


n 1934 


= 1. 56 (Si0 2 ) 


V 


4 =67. 8 


r 8 = 


-519. 6006 


d 8 = 


102. 620 










r 9 = 


65. 0957 


d 9 = 


55. 004 


n 1935 


= 1. 56 (Si0 2 ) 


V 


5=67. 8 


r io = 


si. 1461 mnm 















^4® 
P = 1 

A 4 = 4. 70544X 10' 8 
A 6 =-9. 70520X 10-12 
A 8 =-7. 80392 XIO' 16 
A, 0 = 5. 09643X 10-20 
S5I 
P = 1 

A 4 =-1.03988xi0- 8 
A 6 =-2. 91909xl0->3 
A 8 = 8.42545xi0-'8 
A l0 =-3. 31289X 10" 23 
S7I 
P = 1 

A 4 =-2.93977x 10-8 
A 6 =-7. 99535x 10-13 
A 8 =-1. 74429X 10"' 7 
A 10 =-4. 57788X 10-22 

P = 1 

A 4 = 1. 13344 XIO" 6 
A 6 = 5.02843x 10-1° 
A 8 = 1. 71824X 10-13 
A, 0 = 1. 87329X 10 16 
f , = 418. 35278 
f 2 =-110. 00832 
f 3 = 223. 5661 1 
f 4 = 152. 68722 
f 34 = 141. 6 3 8 9 2 

[0046] sk±.<o$mm i - 3 comm^m. #,£jr 



[0 0 4 7] 

[0 2] *»5B©^«2«)«|/jNSj»U>X<^»r®0T 
[03] *f!W©ll««y3(Oag/jNSjKU>X©»r®HT i 
[04] *^B^<^^^J4O)ffi/jNS^U'>XO»f®0T : 

[05] *&m<Dmnw5<Dffifr&&\s>x<Dmffim-e 
[0 6] *Kw©*««6oai/jNajaju>x©wffiH-r 
[07] *mw<Dmmm7 <Dm^gtu>x<Dmmm°v 

[0 8] **^©*16OT8©»/jNg«U>X<D»ftBHT 

[09] *^Bj<D*M0y9<Djs/hg«^>x<o»f®0-c 
[010] mmm i (dirm0t^^>o 

[011] *)fi«2©JRIS|gT»S. 

[012] mmm3<D$LmmT*$>z>o 

[013] HlEfl«J4<Z)iRM0T»S. 

[014] mmm s ouKsiaT**. 

[015] *J6«6©JRMHT** 0 
[0 16] *Jfi«7<OJRSHT»*. 
[0 17] |£ffi#J8(0iK^0T**. 
[018] *JB«9©JRiSH"C**o 

[^COlftBJ] 
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I -Hi 

II -aS2» 



III -!B3Sf 

IV -&4m 



[mi ] 



n 



in 



IE 



~i r 
fin lii 



r» r 2 



r * r ? /'> r ? \Jl/- r ' 2 r, 3 n 




d * d 6 d 7 d 9 



dj 0 



[EI 2] 



I 



32 



~i r 



p 1i r ^3 




[0 3] 



n 



~i r 



IS 



r, Ho 1 /' r, 2 




13 ds d 6 x d 



dg dio 
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[0 9] 
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i r 



i 1 
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I r 



— i 1 
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1 0] 



NA= 0.45 





Y=1.0 



( r 



— i 1 

-Q0008 -0000* 0 00004 Q0008 -0. 000 8 -0.000* 0 0000* 00008 -].0 -<15 0 0 5 1.0°/. 

mmM& ^irh mmmm 
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00025 
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1 1 ] 



NA= 0.45 




S Y-1.0 



\ M 



/T 



i r 



Y=1.0 



i r 



— i 1 

-O0O02-O.O00I0 0.00010.0002 -00005 -0 00025 0 0.00025 0 0005 -).0 -0.5 0 0.5 IjO 0 /. 



0.0025 
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mm NA 


-a0025 
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-0.0025 
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-0.0025 
0.0025 




-a 0025 





Y=1.0 
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Y= 0.4 



Y= 0 
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[m i 2 ] 




mmmm $j£jk& saas 



0.0025 


mm 


NA 




-0.0025 
0.0025 






-C10C25 





Y=0.9 



0.00251 



-00025 



v-o.7 



0.0025 






-0.0025 






0.0025 




^ 


-a 0025 





Y= 0.U 



^ Y= 0 
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1 4] 



NA=0.45 




S M Y=1.0 




I r 



Y=1.0 



i 1 1 1 1 

-0.0005 0.0 0.0005 -0.0008 0.0 0.0008 -1.0 0.0 ^.0 o U 



0.0010 



NA 



-0.0010 




0.0010 












-0.0010 





Y=1.0 



Y=0 
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NA»O.AS 





Y*O.0 



T 1 

-O.OOOS 0.0 0.0005 -0.0005 0.0 0.0005 



I 1 1 1 1 

-1.0 0.0 1.0°/o 




0.0010 



-0.0010 



NA 



Y=1.0 



mum 



0.00V) 



Y=0 



-0.0010 
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[0 16] 



NA»0.45 




Y=1.0 
iM 



V=1.0 



I 



— i 1 i 1 1 1 1 

-0.000 8 0.0 0.0008 -l.O 0.0 1.0*7e 



0.00(0 



-0.0010 



NA 



Y=J.O 



COOK 


/ 


i 

-0,0010 





Y=0 
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1 7] 



NA=0.4S 




S M K 



Y=»-0 



V=10 




i 1 1 1 1 i r 

-0.0005 0.0 0.0005 -0.000 5 0.0 



0.0005 



i 1 r 1 1 

-1.0 0.0 \.0Vm 



aooio 




-0.0010 
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Y=1.0 



0.0010 



Y=0 



-0.0010 
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Y=1.0 



i 1 1 1 r f r 1 1 1 i 1 1 1 1 
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